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NOVEL AMPHIPHILIC NUCLEIC ACID CONJUGATES 

i 

INTRODUCTION 

Technical Field 

The subject invention relates to specific 
polynucleotide binding polymers conjugated to 
solubility modifying moieties for inhibition of 
expression. 
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Background 

There is a continuing interest and need for 
agents capable of modulating intracellular expression. 
The agents could have a profound capability of solving 
a variety of genetically associated problems. These 
agents, particularly complementary nucleic acid agents, 
could be used as antiviral agents to inhibit the ex- 
pression of viral essential genes. The agents also 
could act as anti-neoplastic agents, reducing the rate 
of proliferation of cancer cells or inhibiting their 
growth entirely. These agents would act intracellular- 
ly binding to transcription products by a mechanism or 
mechanisms unknown, to inhibit the expression of a par- 
ticular structural gene. 

There has been substantial interest in this 
possibility and a number of experiments in culture have 
shown that there may be some promise to this approach. 
However, there are also numerous short-comings to the 
approaches that have been used previously, in order to 
provide for a useful agent for therapy, the agent 
should be effective at low concentrations, so as to 
allow for relatively low dosages when administered sys- 
temically. Secondly, agents should be relatively 
stable and resistant to degradation by the various nu- 
cleases. Thirdly, the agent should be very rapid once 
introduced into the cytoplasm and highly specific in 



30 



WO 88/09810 

PCT/US88/02009 

2 

Mndi„ g to its complementary sequence, so a 3 to avoid 
long incubation periods FoiIP . h ^ ° avoid 

a>Xe to p Me t rate the LZlZ ^ T ^ *° 

5 T,, IM , lo ttt Uml Final," J n ° en " 

to t „e naMalIa „ hoai anould 6 / m ' - %- ze ?2: 3 : h : r T s 

gonucleotjde agent ahould provide for « ,T 

.en. responee. WIe ^'^^ £.* I ^ LTT 

compromised to different degrees t** CClteria ma r b * 
10 been produced so far f all Z \ ♦ ^ have 
-»t find general use ^ ° f Whlch 

Relevant Mh er ature 

Biology fi07P^ 9i* ■ ' Matug e Wp» 

T 1 C1 972 } 236.-198; itakura and Ri£ a T^72 

(1980) 209. Uoi; Moves j n< nl ° Klgga ' Science 

20 7475; NWetal ^^^^^ 

256:1023-1028 Tulli^ ~" ' Blol - -^gSL. (1981) 

(1983) 7l-77«;. rnn . ^ — ° 
25 XL- '75, Conner et al. , p roc ¥aM T~~ — ~- 

25 «SA (1983) 8o :278; PiraTs^et ^^T-^^^- 
(1983) 309:284-287- WallLe^' ^^-^-^ 
k ^liace etal., Gene (1981) i 6s2 i 

of apecifrrL:;: :;: n a ~ : ° f - - 

Cellule P< ocn6m , «, 77 a! «T — 

~^^ii5zS: 1 fr: 9 Ab ;:;: ct); 

^" Science (i 9 86) 233-569-571 . i."^ ' Walder ^ 

r ec ai. f Biochemistry 
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(1974)^3^887-1.895; Barrett et ai., Ioid (19?J)) 
11: 8 9 7-, 906; et al.. «fff 

Til ^ h -■ ° ChemiSt ^ - (1961) i°:l873~88 0; Bla ke 
5 i£ Si-, liocheojistry ( 1985 a, b ) ^6132 ^ 6 « 

- R 7 i '/ ^ISSiStrx (1986) 25:6268-6275; Miller 
11 al., Biochemistry ( 19 86) 25:5092-5097. 

Mn„- „ MOdifieti nucleIc sequences 'for enhanci ng 

I Zl ~Jr" EnR> «W).301-320 S Summerton 

- J. Theor. Bfo1 ..(i979) 78:77-99; Knorre (1986) Ad v 
Eng. Re ff . 1986:277-300. 
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Reduced immunogenicity of proteins conjugated 

vrui/u;>0 5/02572) and Abuchowski et al 
.Cancer Bloo h „ m BlophTn ( , 9(fJ|) ~ ^ 

Patent »„. J, , 5 1 1 . T1 3 ana «75o7.04«. 



20 SUMMARY OF THE T»mr»TTn., 

novel nucleic acid conjugates are provided 
ccprl31n S a relatively ahort nucleic acid ae q „e„c e 

in tree llular „p„seion. a lining e roup. and a 
»hloh Impart3 amphiphillc character to the fi nal 
P-duct. usually „„„ hydrophobic than hydorphilio 

Z< ?*T' h ° bi ° The nucleic 

acid moiety ma, include normal or other sugars phos 

o : : \z f °° r Boaifi8a » 

30 not L ^ " here tBe -""cations do 

not interfere with complementary binding „ f the 
sequence of inters** tv,~ 

inhfh^i lntepe3t - The compositions find use for 
inhibiting mRNA maturation and/or expression of 
parti Cul 3 tructural genes, such as in neoplastic 
cells, of nral proteins in viral infected cells and 
essential protein(s) of human and animal pa ho n3 
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DESCBIPTIOW OF THF SPECIE ,n, mTWff . 
acid ,« 3Ubj8Ct lnvention Prorldaa novel nucleic 

"a i:~ te3 for inhibiting ^-H-l- Jt- 

5 Zates of a structural gene. Con- 

jugates comprise a relatively short 

HLB h V kin8 8r ° UP ' " d 3 ™» ^ «««« 11 
HLB Wropune lipophilic balance) to provide an 

~ ~ ~- a fflP hipLiic na re of 

10 the product aids in the transport of the conjugate 

across the cellular n en,brane and can provide additm , 
^vantages, such as ^.^ ^ 
solubility of nucleic acid derivatives I I 
-Phiphilic group to enhance ^ Z , i ^ 
5 chain ffl ethyl phosphonates and stabilizing^ 
nucleic acids to exonuclease digestion. 

-i ^x^-t^r ad9 ° f — 
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P(X)Z 
I 

N 



Yl - L - M 
a > 



oarbon auga „, Kher . tha _ • f °' 

guanidln. or of* a °<*nlne, cytldlie, thymidine, 

uracil LI, P " " ^ ■" r """^«. auch as 

uracil, mosine, and the like. 
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L i 3 a Unking group which Is derived from a 
polyvalent functional group having at least 1 .to., not 
-or. than about 60 atoms other than hydrogen) usually 
5 not more than about 3 0 atoms other than hydrogen, 
having up to about 30 carbon atoms, usually not more 
than about 20 carbon atoms, and up to about 10 hetero- 

Lrlv'chT U3Ua117 ^ 6 hete ™"°-, Particu- 

larly chalcogen. nitrogen, phosphorous, etc.. non-oxo- 

10 " rb ° n f ( ° arbOXy °*r>°»n>. oxo-carbonyl (aldehyde or 
ketone or the sulfur or nitrogen equivalents thereof. 

Lfio ' thi °' lmid71 ' etC * " W611 as «-»lfid.. 

amno diazo. hydrazine, oximino, etc.. phosphate, 
phosphono. and the like. 

15 , M 13 a 3 ° lul >ility modifying moiety which 

imparts amphiphilic character to the molecule, particu- 

ho l T Ph0bi ° Ph0Sphates and amphiphilic with 

Phosphonates, which will have a ratio of carbon to 
heteroatom of at least 2:1, usually at least 3:1. fre- 
2Q quently up to greater than 20:1. may include hydro- 
carbons of at least 6 carbon atoms and not more than 
about 3 o carbon atoms, polyoxy compounds (alkyieneoxy 
compounds), where the oxygen atoms are Joined by fro m 
about 2 to 10 carbon atoms, usually 2 to 6 carbon 
25 atoms, preferably 2 to 3 carbon atoms, and there win 
be at least about 6 units and usually not more than 
about 200 alkyleneoxy units, more usually not more than 
about 100 units, and preferably not more than about 60 

30 ° ne Y 13 a bond *o L, while the other Y is a 

monovalent oxy, thio, amino, sugar group or substituted 
functionalities thereof, or alkyi of up to about 20 
usually of up to about 6 carbon atoms, when bonded to 
° r hydro * en . hydrocarbyl or acyl of from 1 to 30 

35 usually 1 to 12 carbon atoms, or substituted hydro-' 

a^xV'thT 1 haVin8 frOD 1 t0 4 h6ter ° ^ 
e oxy « thl °' °r amino when bonded to 2. 
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u auall 3 ^ at le3St 5 and not more ^an about 50 
usually not more than about 35. ' 

The phosphorous moiety may include u * 

Pto3PhOM1MI i ata : zziizz;- 

tMotr TT' """"^"e. P^osphora, a \. 
tMdate phosphoaate, phosphoric, a« the l lke . 

The sugars may be ribosp a«K<- 
or WBI , denvati^a ther , 0 T ^th" ^' 3Cnn ° 39 
3130 employ heioses. nuol8 ""« -ay 

'5 „, „ * 1,1,18 varlet * of llolclpg groups may be e» 

^uV e :rr s up<>n the nature °< °" ^« - 

ubiiifxr m^** * present on the sol- 

20 lin*L^ n0<llf,I,,e ° OIat " «»" «e Ilk.. * nttBber of 

Jcl r UPS —«•'«"»■ suable and have 

round extensive usp fv.*. n 

pounds The ?< T< lDg pol ^ u °°tional com- 

pounds . The linking groups include: 

-0CH 2 CH 2 NHC0(CH 2 ) n C0 N H- ; -0CH 2C H 2 NH-X-< C H ) m « 
P 0 COHJNHCOCC^^CONH-, 0CH 2 CH 2 Lc0*S- ^ CH) NH 

2~ Mat- 1 ' 

2.000 daltons; herein X is 2,5-quinondiyl Y L <t 
succindioyi) to form succinimidrl „ <3 ~ 
range of 2 to 20 mo. ? ldy1, n 13 dually in the 
e> Ui « w <;g, more usually 2 t-n io ~ * 

10, usually 1 to 6 ' and m is 1 to 

•* least 6. L re Jalr r a " 0n3 there ° f> U3Ua11 ^ " 
-ore uaualiy at Xeast ,2 aad not mora thaa 
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about 500, usually not more than about 200 carbon 
atoms, having not more than about 1 heteroatom per 2 
carbon atoms, being charged or uncharged, including 
s alkyi of at least 6 carbon atoms and up to about 30 
carbon atoms, usually not more than about 24 carbon 
atoms, fatty acids of at least about 6 carbon atoms, 
usually at least about 12 carbon atoms and up to about 
21 carbon atoms, glycerides, where the fatty acids will 
io generally range from about 12-24 carbon atoms, there 
being f roo ,- 2 fatty acids, usually at the 2 or 3 posi- 
txons or both, aromatic compounds having from 1 to 4 
rings, either mono- or polycyclic. fused or unfused 
polyalkyleneglycols where the alkylenes are of from' 
is 2-10, usually of from 2-6 carbon atoms, more usually 
2-3 carbon atoms, there being usually at least about 6 
units, more usually at least about 10 units, and usual- 
ly fewer than about 500 units, more usually fewer than 
about 200 „nita.. preferably fewer than about 100 units 
2q where the alkylene glycols may be homopolymers or co- ' 
Polymers; alkylbenzoyl. where the alkyl group will be 
at least about 6. carbon atoms, usually at least about 
10 carbon atoms, and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms- 
25 al ! C f / hoaphatea ^ phosphonates. where the alkyl group 
wxli be at least about 6 carbon atoms, usually at least 
about 12 carbon atoms and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms, or 
the like. 



30 



The solubility modifying group may be charged 
or uncharged, preferably being uncharged, under physio- 
logical conditions, usually having not more than 1 
charge per 10 atoms of the group other than hydrogen. 
Illustrative groups include polyethylene glycol having 
^ from about 40-50 units, copolymers of ethylene and 

propylene glycol, laurate esters of polyethylene gly- 
cols, triphenylmethyl. naphthylphenylmethyl . palmitate 
1i3tearylgiyceride. didodecylphosphatidyl , cholesteryl' 
araehidonyl, octadecanyloxy, tetradecylthio, etc 
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^ is nitrogen or oxygen; 
One I< l s a bond t0 L , Md 

oms or a fire carbon sugar, particularly ribose or 
deo,yriboee. when bonded to P and hydrogen a i kyl " 
acyl of from 1 to 10, usually i — \ ' r 

bonded to 2' . ' * ' *° 6 ° arbon atM » »"«■ 

20. , ' 

h„ k ... 13 Mr Plirlns or Pmmldlne whioh can 

pyrL T " the n ""» 1 ^ —" ln g purines and 

purile 1S PrSfe ""^ a "aturally occurring 

purine or pyrlmldinej »<-mg 

25 c„h.. 13 * llnkl ° 8 Sroup of at le "t about 2 

uauallV'T 31,4 ^ B ° re ^ ab °" 30 "«« "L. 

^^"^tr 20 Mrb0n at ° M - ""^ 
oxygen n^o "et.roatom,, which » U1 „. 

30 -b ie ^^^^-Z^ 
eneoxy group of at least- about 20 units and nil 
than about 200 unit-- 0t mor,e 

"nits, where the , " n< " ^ "» 

15 atom, ' alknMe 8r °"" «• <* "°» 2-3 oarbon 
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13 " lea3t 5 ' usuall y «' l«st r ana gen- 

about 30. more usually panglng froo » 
s Preferably from about , 3 „ 30 _ 3°. 

In preparing the subject compositions, the 

,„ - he h, an, ^."^ " ^ 

the most part, recombinant procedures win ZTl.\ 
J:'"' '» — ^nations the" may e uae^ 

»ari„„ 3 commercial esthetic devices for preparing 
polynucieotides are availahie fro. a number of o^pa- 
nles such a, Applied Biosystems Inc.. Bioaearch Lc 
and Pharmacia. A variety of procedures are kno™ for ! 
employing blooKed oligonucleotide, as their ^Zters 
ZT™T' >*°°*>™°" or the 1 i k e., where a 

nucleoL U e " ,Pl0y6d - and tB « *"«vidual 

2(> nucleotides are added in succession. 

„„, , *' the "•■**•"<>» cf the synthesis, various 
Prot col, may be employed. Preferably in mo,t case, 

Ti JZ bl ° 0kl ° 8 8r0UP 68 and the 

linking ar„ joined to the terminal nucleotide. 

be s" c? ° f T linkInS a ™' *™ th. lining '„ my 
be specific for the final oligonucleotide, m some 

>° oUr f UnltIng "'amatively, the 

oligonucleotide nay be removed fro. the support and 
h.„ manipulated further, perticularly where h. 
lihKlng group to the support may be used as th. , , , , 

ZJZ Jolnlng th3 -ifyLV 0 y lnkIns 

= J! >r '7 e T 3 f " rth3r "™«— Of the 
5 or 3--termlnl of oligonucleotides may be founrt , 
Chu and orgel « fi 9 BS) 1:327-331- c ", 

Huoi i,m „ . Jjl, Connolly and aider 

■ * c '"» ■ (1965) XI: U35-H502. 
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Depending upon the functionalities „. ■ 
ructions „ay be ,„p l0 yed t0 produoe Yari ° us 

Ploy., JchT 3 ,""" -an be »- 

etc. conation, for carr,L M , blondes, 
in Joining no„-n„ol e ot ld e ™L t e3 " 0 e I:" 0 " 3 rWtI - 

The solubulity modifying m«,-^* 
to the llnklng ara , lth y er ^ »° «r be a« W 

the oilgonuoleotlde. For _ J th^ i n ,i tQ 

2 = Unking ar„ 13 b0UM J .° 1In,c "» •"»• the 
oligonucleotide :^ 'LT 1 "' ""^ 

already Indicated, the reaction, PP ° rt - * 3 

ar» and the solubUity ZT tJ Z SlT 1In " n8 
the particular function,/. * " U1 ««> 

30 the hydrophobic « ^ rrealtl 8 °" « 

required, and the lit.. ° 00M " 1 «' »»lch are 

For the most part, rea^,* rt » 
and „l U occur in po a aol „t s o" ^"T * 

-yl ether, TT^' 

atures win be f __ ... t .etc. Reaction temper- 

oe IOP the most part in m«. 

Part in the range of about 
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-10 to 60-c. Usually, after completion of the reaction 
between components of the conjugate, the resulting 
product will be subjected to purification. 

The manner of purification may vary, depending 
upon whether the oligonucleotide is bound to a support 
For example, where the oligonucleotide is bound to a 
support, after addition of the linking arm to the oli- 
gonucleotide, unreacted chains may be degraded, so as 
to prevent their contaminating the resulting product. 
On such cases, the bonding of the linker to the oligo- 
nucleotide must be sufficiently stable to withstand the 
cleavage conditions from the synthesis support, e g 
cone, ammonia. Where the oligonucleotide is no longer 
bound to the support, whether only reacted with the 
linking arm or as the conjugate to the solubulity 
modifying moiety intermediate or as the final product, 
each of the intermediates or final product may be puri- 
fied by conventional techniques, such as electrophore- 

20 * ' 3 ° 1Vent eXtraetion ' HPLC ' chromatography , or the ■ 
like. The purified product is then ready for use. 

The subject products will be selected to have 
an oligonucleotide sequence complementary to a sequence 
of interest. The sequence of interest may be present 
xb a prokaryotic or eukaryotic cell, a virus, a normal 
or neoplastic cell. The sequences may be bacterial se- 
quences, piasmid sequences, viral sequences, chromo- 
somal sequences, mitochondrial sequences, piastid se- 
quences, etc. The sequences may involve open reading 
frames for coding proteins, ribosomal RNA, snRNA, 
hnRNA , introns, untranslated 5'- and 3'-sequences 
flanking open reading frames, etc. The subject 
sequences may therefore -be involved in inhibiting the 
availability of an RNA transcript, inhibiting expres- 
sion of a particular protein, enhancing the expression 
of a particular protein by inhibiting the expression of 
a repressor, reducing proliferation of viruses or neo- 
plastic cells, etc. 
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eUl5M « formal MU5 . ThU3 °" 113 or <">«>*«• 
compositions In «,..,„, ' 0ne 0M U3e th. subject 

1o «bj« t c, BP08tUon3 10 iZlTlLT ° r aora of tha 

or expression of the '"""rtption and/ 

subject composition' £™ « «- ~U. The 

»«lety of pathogens In . Protection fr om , 

toxigenic taoterfa p„ eti : 0 : a " alU " ••«•• *ntero- 

P-o«sts. such aa GlLr " eISMI «, etc., 

" ce 11S . such * care „oTsa ""^ "«.. neoplastic 
««• B-eeils. .Pe^.^TauT''' 0 " 3 ' 
supressor eeUa, ext. m . .1 " """^ 08113 • 



20 - eapabXe £ » °° » * 

20 saturation or expression^ J MCr ' Ptl ™ 

-chanlsms invol'edTth he"":^ * °' "» 
imposition to its . * lMlDg ° f "» »»KJ«ot 

-r '"elude i.te^reno: „;:;T°" a ~ ~*« 
transport aoross the nucleaT T^ 1 " 8, '-hihition of 
25 eodonucleases. or th. llk e ' *' ° 1Wa89 "» 

>w2i:t:izz™ oay * 0 

^P-Cinea. ^SsloZt TZT' ^ 
MHC antigens. »„ or W. O ol ' "°" tOC 
J " tanoe, multiple dru, »"«otlc reals- 

«th metabolic Processes in th T'' ^ lBT01 "- 
"Ids. nucleic acids fo ™«Ion of amino 

a* introns or flanki' ""^ DBFB - '•»■• « «M1 

i5 -Pen reading frames ** 

the 3ub Ject compositions. 
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^rarric application of 

SYNTHETIC DRA TECHNOLOGY 
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Antivirals, Animal 

Antibaoterial, Human 
Antiparasitic Agents 

Cancer 

Direct Anti -Tumor 
Agents 

Adjunctive Therapy 
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Auto Immune Diseases 
T-cell receptors 



AIDS, Herpes, CMV 



Chicken Infectious Bronchitis 
Pigjransmissible Gas thelitis 

Drug Resistance Piasmlds, e. coli 
Malaria 

Sleeping Sickness (Trypanosoma) 
-°2? o°n a c C o1e e n n e e s - 

drug transport 

Rheumatoid Arthritis 
Type I Diabetes 
Systemic Lupus 
Multiple sclerosis 
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Organ Transplants K idnev - mv? 

fcxaney - 0TK3 cells cause GVHD 

"-ether the compositions are „ XT?',""' 

tecting mammaiun cells in culture, Pr °" 

a»n S the effect of „, PU '*° 3 « • *»r evalu- 

metabollc processus . „ ., xpres3l0n <»> various 

Products. 'arlat?L • Pro<,U0 "°" Particular 

variation ln product distribution, or the 
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like. While no particular additives a „o 

transport of the ,„.,• * aaa i"ves are necessary for 

capsuled in u otlVZ?TJ T * 

uaed in conjunction permelj" 'T^ My <" 

—ionic detergents, .J.,™.*^ M " t «' 

Particu^ 0 ;^^^ 1 " 1 """-. Ending upon Ua 
infusion, tablet efc « ! u h 33 in ^tion, 

cutaneous!,. Intrale3ionall ' D " ^ — 

5 ^uoH aa deionLT t : s :::rr y r oepta,iie — ■ 

saline. ethanol .„,,. Phosphate Suffered 

lumen of vesi" M ~ » f °™»ate< in the 

microsphere, liposome, or albumin 

l Because of a uide yarietv n , , 

manner, of administration ^Plication, and 

oan he suggested L th ' " artI ° Ular """Position 
-Jeet oofposnion:" TUV 3 lT° b 

«* appropriate eoncenLtion, '7°"™""°-! 
"ally, other add if - ° entratl °'> 3 determined emplri- 

— , etc. ;z\rr' 

-ould general!, be present in ! °" T » tl -«' — 
"snail, !.„ than , P ™*" " lM3 *»« »>«.t 5 „tj. 

"«ge. a, 4 pproprL " ^ST* " •""«« 
"igh as 99 .9» or greater of 1 " be " 

- amount J ae^l^ 
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EXPERIMENTAL 
EXAMPLE 1 

Synthesis of Polyethylene Glycol Derivatives of 
Normal DNAs Using Aminolink, Benzoquinone and 
Bia-( Aminohexyl) Polyethylene Glycol 

Chemical Synthesis of DNA oligonucleotides by the 
Amldite Method . 

The chemical synthesis of DNA can be carried 
out using slight modifications of the conventional 
phosphoramidite methods on any commercially available 
DNA synthesizer. This method is a modification of the 
technique described by Caruthers and coworkers 
(Beaucage and Caruthers, Eur. Pat. Appl. 82/102570. 

In 'this technique, 0.1 M nucleoside phos- 
phoramidites dissolved in anhydrous acetonitrile were 
mixed with an equal volume of 0.5 M tetrazole and se- 
quentially coupled to the 5' -hydroxy 1 terminal nucleo- 
tide of the growing DNA chain bound to controlled pore 
glass supports via a succinate spacer (Matteucci and 
Caruthers, Tetrahedron Letters (1980) 21 :71 9-22. 
Nucleoside addition was followed by capping of unre- 
acted 5 f -hydroxyls with acetic anhydride, iodine oxi- 
dation, and S'-detritylation in trichloroacetic acid- 
methylene chloride. The resin-bound oligomer was then 
dried by extensive washing in anhydrous acetonitrile 
and the process repeated. Normal cycle times using 
this procedure were 12 minutes with condensation 
efficiencies of >9Q% (as judged by trityl release). 

As the last step of the synthesis, trityl was 
removed from the product- oligonucleotide chains and an 
aminoethanolphosphoramidite was added to the S'- 
hydroxyl using Aminolink (Applied Biosystems, Foster 
City, CA) . The resin-bound oligonucleotide was then 
deblocked and released from the column using a method 
appropriate to the type of phosphate linkage present. 
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For normal phosphodiesters, release r™„, ,u 

~. ». s:.rs„-; :r..~;" =»»■•■ 

Phase HPLC C-8 silica columns, eluting with t L 
acetonitrile/25 n „ ammonluin acetat / * ' t0 5 °* 

gradient, if required t h! PH 6 * 8 ln a ^near 

Purified bv inn ! mat ^^l may be further 

purified by ion-exchange HPLC on JTucleogen DEAE 6o 7 
eluting with 20$ acetonitrile/2* mM 

PH 6 5 Th » . "onitriie/25 mM ammonium acetate. 

lv «el electrl C ° Vered PMUt ™* then ^-cterized 

! , P reSl3 ° n ' 5% P°l/acryiamide gels 

carried out as described by Maxam and Gilbert L„eth 

th.n „ 1,16 fUUy aebloclted Purified product i a 
eral techn • •«"*"• coupling technique. Sev- 

--^^^ 

n]....,^. _ J ^ ^ v "-maielmideometh- 

' cyc lohexane-l-carboxylate <?pno r» 
(2-pyridvirm-h • . rooxv late, SPDP (N-succinimidyi 3 - 
12 pyridyidith 1 o)pro P ionate > carbonyldiimidazole 
Aaxnolin*. disuccinimidyl suberimidate 2 ' 
phenylisocyanate. 

nuur ac. room temoeratiino *.v,^ 
benzoquinone is removert * erature » th * excess unreacted 
^ u " e 13 removed by Seohad^y r_« „ , 
35 toaraDhv Tha - **pnaaex g-25 column chroma- 

»ade L 0 , m \Z \T P01 ^*™ ^ is then 

™ oi igom r co : LiL rbonate and reacted »"> 

containing a reactive amine linker arm in 
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a molar ratio of ,0=, and the reaction allowed to pro- 
ceed to completion. At the end of the reaction (gener- 
ally overnight, the unvoted oligomer is removed b7 
gel-filtration on S.phadex c-,00 and the complex char- 
acterized by polyacrylamlde gel electrophor, s (o f 

m " /or- ' M ° le ° Ul " "°" ln <' * laboratory 
Irl . ?' C °" SPr '" 8 -"oratories, Cold 

Spring Harbor. M) . ^ther purification can be 
io effected using ion-exchange chromatography and gel 
electrophoresis as required. 

The structure of the product of these 
reactions is: 
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oligomer - P - 0 - (CH 2 ) 2 - NH 
CM 



J C - NH - (C&,) 6 - PEG (3500) 

C C 
\ / 
C 
fl 
0 
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EXAMPLE 2 

S ynthesis of ft,lmh,l... n, T - ratlY „ „, „ 

D»As using Wnolink anH ff ..K„ r r^— 7 

Activated P plyethvl .... <»r --l_ 

»as synthe's", "? '" ti "" ,le JtalI " >11 » k oligonucleotide 
»as synthesized as described in Example I. After re- 
moval of the oligomer from the support and deblocking 
in ammonia, the solution „as evaporated in vacuo 
dissolved in 0 ,„ «a HC o 3 , p„ 8.5 aoa puriTieTon" Tta 
spun coxumn to convert the materia! to the sodium salt 
and to remove any extraneous amlne-containing materia" 

V V'?: 1 " " eleht : ™ 3 »» tL. made to 

0.2 H in oarbonyldlimidazole-aotivated polyethylene 

ai 11 c " ' 0> ^ aU0We<1 " 
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flit*.*- • ^nucleotide «a 3 removed by gel 

filtration on Sephadex G-100. On this. column the 
complex elated m the excluded volume of the , 

whiiA t-H^ * , UIiie or th © column 

098 2 T^: <«anlatls et al.. 
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EXAMPLE 3 

Synthesis of Pol Tetl .vi a n. „, T „, 

JUaaaagBi.i.idr, .,.„„„„, — f 

18 -Pie 1 with T °" h0< ' " 13 ""*•"«•'' " in Ex- - 
ample 1 with the exception that the trityl ,„„ 

r«o«4 without the further addition ,1,7 , 

phosphora„Idlte. After purifloatlo! bv , AnIn ° llnl < 

-1 .leotrophoresls, the pr LuoT^ s 

"ig to standard procedures (Miller »i „ , 
A °i<l3- — (1983) 11 :6225-42. Man/I^ ~ ~ ! ' 
3UEra ; Maxam and Gilbert, Prop. N atn A 3 ~ '< ( * 2) ' 
(1980) 74.560-*? r,K , Mat 1 Aoari . t nfl 

_L±.560 5. Labeled oligomers can be separated 
from unreacted ATP bv nviv w separated 
reverse nhJ T ^omatography and C-18 

° Uim3 (e ' S - Watera -C-18 SepPak) 
Samples are checked for purity on analytical 2 * 
Polyacrylamide gels. * 

The phosphoryiated oligomer is fc h«« t 
with -aethyuanazole an, hexaned a » n , " 

ence of EDC M nh^-. ^ ae » ln tile pres- 

orsel m (1Ms) l!327 -3,. MaotLn " ^ 

covaxentiy co„p le s the d lM l„e Hn ke r o h 
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0 

oligomer - P - NH - < C H ) -NH 

Ah 262 

5 gated to IT, amlne linkSr ° 11SOmer iS then °°"Ju- 

roiio»a. The oligonucleotide la dissolved to 
a final concentration or ,00 „„ per liter ln ^ 

,0 si r:r te bu/rer - ph ? -' 

PEG ^50001 ^ M1UtI °" a -la, excess of SS - 

PEG (5000) is added as a dry solid, allowed to dissolve 
and the reaction „lxture Incubated overnight at Z5-C 
The product is then purified by gel filtration chro- 
matography on Sephadex 0-100 m water and v.h T 
» * polyaerylaalde gel electrcphol". ^"^^ 
The structure of the final product Is, 



0 



o 0 

II 



oligomer - P - NH - (CH ) - NH - C - fra ^ J „ 

. 2 6 c Ve " ~ " PEG (5000) 

20 • ™ 

EXAMPLE 4 

i/nthesis of ■P n i 1 m fhr1nnR oi T ,., n... r 

teal D MA s 0 - r £ 

h„ ,>, example, DMA was synthesl 2 ed according 

to the method given In Example After synthesis th ! 

«T««rr rui " as retainea ° nth < ^« p^t 

with trityl removed from the 5- and n r 

Tha „ 1,116 3 e nd of the molecule 

30 ~jtrr^ " aahad - ith 

-y argo» : „smg aVa n :ti b o 1 ZL r 8 y e:T:o a oro re 3 a : * 
bonyidiiaidasole dissolved in anhydrous aoetonitrile 

in, T 3l °" ly thr ° US11 

3 5 ur T ;: p r rt T 4 oli8o " er oyer the — ° 

th. i , =""=nylio,lda 2 ol, activated oligcer on 

he column was then washed free of excess reagent with 
'* -1 or aoetonitrile and subsequently treated f0 r 6 
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hour, „ it h 0.1 M Ma Ca»inohe*yl> polyethylene glycol 
» a=eton ltrl ie. «. e . aeetonUrll, an, Ithylene 
OKI r ia lB 3uoea3310n . ^ myethylene J * 

lilt T taen el " ted — «*»t«l alo„ lu „ 

~ 5 a ;:r ooked in th ° * » 

The reaction product is then purified by hi*h 
Performance gel filtration chromatography (HPGFC) 1* 
TSK 04000SW column eluting 10nM w ,^^ - '"ml 
Per minute. Furt her purification may be ef ected by 

f a L7 e eleCtr0ph0 - si - The a truoture 
final conjugate synthesized by this method is- 



15 



oligomer 



0 

II 



~ 0 - <[' - NH - (CH ) - NH - C - (ru \ „ A 

2 > s .«« C (CH^ - C - 0 - PEG (5000) 
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EXAMPLE 5 

Synthesis *r r.^ _ 

Normal DNAs Trains i m t da ^ -Mntn.r 

Carboxylio Ao fd F « on and Ami „ nalt _~ 
In this example, a 20 nucleotide DNA comm* 
mentary to the initiation region of comple- 
was svni-hoo • , iail °n region of mouse B-globin mRMA 

Zl T IT a ° COrding t0 i» Ex- 

ample t. After synthesis, the product material W as re 

»«« (,.,„ f :r 3 „ o -: ln M ut d :r^- - «.*»««!.. 
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The material on the column was washed free of 
unreacted decanediamine with acetonitrile and water and 
then eluted from the column in concentrated ammonium 
s hydroxide solution. After removal from the column, the 
ammonium hydroxide solution containing the oligomer 
conjugate was placed in a sealed vial and incubated 5 
hours at 55°C. 

The product was then lyophilized several times 
io from 50$ aqueous ethanol and purified via reversed 
Phase HPLC C-8 silica columns eluted with 5 to 50$ 
acetonltriie/25mM ammonium acetate, p H 6.8 in a linear 
gradient. if required, the material may be further 
purified by ion-exchange HPLC on Mucleogen DEAE 60-7 
^ using 20$ acetonitrile/25 mM ammonium acetate. pH 6 5 
as eluent. The recovered product was then character- 
ized by gel electrophoresis in 15$ polyacrylamide gels 
carried out as described by Maxam and Gilbert in Meth 

Jnzjrmol^ (1980) 68:499-560. Oligonucleotides in 

2q finished gels were visualized using Stains-all. 

^ The presence of a primary amine was determined 

by two methods. First, reaction with fluorescamine 
produced a fluorescent product characteristic of the 
presence of a primary amine while no fluorescence was 
25 observed with similarly treated control oligomers of 
the same type but lacking the amine linker. Second 
the decane conjugate was dissolved in 100 W l 0 1 M ' 
sodium bicarbonate to which was added 1 mg of fluores- 
ceinisothiocyanate (FITC). After 1 hour of incubation 
3Q the unreacted FITC was removed by gel filtration 
chromatography on Sephadex G-25 spun columns. The 
product was then analysed by polyacrylamide gel 
electrophoresis as described above and the fluorescent 
band product visualized under UV illumination A 
35 jingle fluorescent band was observed which corresponded 
Stains' al 1 l ig ° mer Vi3UaliZed by su ^quent 3taining with 
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The product of this reaction i 3 an alkyl car- 
bamate which is stable - to moderate exposure to concen- 
trated base. The structure of the final conjugate syn- 
thesized by this method is: 

5 

0 

oligomer -O-C-NH-(CH) - NH 

2 10 2 

Other monoaminoalkyi and aryl derivatives can 
10 be produced by this method, other molecules in this 
series which have been constructed include the deriv- 
atives made with ethylene diamine and hexane diamine. 
Higher chain length additions may require slight 
modifications of the solvent polarity in order to 
15 achieve the necessary concentrations. Alternatively 
lower concentrations may be used if the reaction times 
are extended. 
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EXAMPLE 6 

Synthesis of Pni M> Wtn> Glyeol DePlyattTea w , 
DNAs Using Imidazole-Activated Carboxvlic 

Acid Esters. P olyly 3 lne Linker. 
DSS AND BIS-A minoalkvl Polyethylene m VM i 

In this example, a 25 nucleotide DNA comple- 
mentary to the initiation region of mouse B-globin mRNA 
was synthesized according to the method given in Ex- 
ample 1. After synthesis, the synthesis support was 
treated with 80* acetic acid for 30 minutes to remove 
trityl from the 5- end of the molecule. The solid ma- 
terial was then thoroughly washed wi th anhydrous aceto- 
nitrile and blown dry under a stream of dry argon and 
treated with 0. 3 M carbonyldiimidazole as in Example 4 
The 5- carbonyldiimidazole-activated oligomer on the * 
column was then washed free of excess reagent with 15 
ml of acetonitrile and then treated with 0.2M poly-L- 
lysine (MW-1000) dissolved in 50? acetonitrile contain- 
ing 0.1M sodium phosphate. p H 8 for 16 hours at room 
temperature. 



23 

The material on the column was washed free of 
salts and unreacted polylysine with water and aceto- 
nitrile and then eluted from the column with concen- 
trated ammonium hydroxide. After removal from the 
column, the ammonium hydroxide solution containing the 
oligomer conjugate was incubated 5 hours at 55 °C in a 
sealed glass vial. The product was then lyophilized 
several times from 50? aqueous ethanol and purified via 
gel filtration chromatography on TSK G4000SW in 10 mM 
Tris buffer, pH 7.5. The presence of a primary amine 
was determined by reaction with f luorescamine • No 
fluorescence was observed with control oligomers 
lacking the polyamine linker. 

In order to render the polyamine conjugate 
negatively charged, the complex was reacted with FITC 
to label the molecule and to neutralize the positive 
charges on the amines. This was accomplished by dis- 
solving a portion of the material in 100 pi 0.1M sodium" 
bicarbonate to which was added 1 mg of FITC. After 1 
hour of incubation, the unreacted FITC was removed by 
gel filtration chromatography on Sephadex G-25 spun 
columns (Maniatis et al. f (1982), supra . The product 
was then analysed by poiyacrylamide gel electrophoresis 
carred out as described by Maxam and Gilbert (1980) 
supra and the fluorescent band product visualized under 
UV illumination. A broad fluorescent band was observed 
which corresponds to the DNA visualized by Stains-all. 

The oligomer containing polylysine covalently 
linked to the 5 ? end of the molecule was then cross- 
linked to bis-(aminohexyl) polyethylene glycol (MW - 
3500) as follows. The polylysine oligomer is first 
dialysed against 0.1 M -sodium carbonate , 3M NaCl and 
concentrated to a final concentration of 4 mg/ml using 
a Centricon 10 apparatus (Amicon, Danvers, N.J.). To 
50 yl of this solution was added 25 yl of disuccinimi- 
dyl suberate (DSS F 10 mg/ml in DMS0) and the mixture 
incubated 10 minutes at room temperature. The unre- 
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acted DSS was then quickly removed by gel filtration on 
Sephadex G25 and concentrated on Centricon 10 mem- 
branes. The solution was then made to 0.2M in bis- 
(aminohexyi) polyethylene glycol and incubated over- 
night at room temperature to form the final conjugate. 
Purification was effected on TSK G4000 Stf columns 
operated as previously described. 

This conjugate has the following general 

formula: 

1 . Formulation Type I 



0 0 0 

oligomer -O-C-NH-(CH-C-NH) -CCHC00H 

(CH ) (£h ) 

15 \ 2 H I 2 k 

NHX NH' 



Where X is usually H, at least one X being 
-CO(CH 2 ) 6 COHN-PEG 5000 . 



By varying, the reaction excess or the molecu- 
lar weight of the polyethylene glycol and the poly- * 
lysine used it is possible to construct polymer conju- 
gates with varying degrees of substitution size and 
25 charge. The ability to vary these properties of the 
complex make it possible to design the use of the com- 
pound in various applications. 

EXAMPLE 7 

30 Synthesis of Polyethylene Glycol 

Derivatives of DNA Methylphosphonates 
The chemical synthesis of DNA methylphospho- 
nates (MP) may be carried out using a modification of 
the phosphochloridite method of Letsinger (Letsinger et 
35 — • ' J ' Amer : ctlem ' Soc- C1975) _97:3278; Letsinger and" 
Lunsford, J. Amer. Chenu Soc. (1976) 98:3605-3661 : 
Tanaka and Letsinger, Nucl. Acids. Res. (1982) 25:3249* 
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60. In this procedure, dried blocked nucleosides dis- 
solved in anhydrous acetonitrile 2,6-lutidine , are 
activated in situ with a stoichiometric amount of 
methyl dichlorophosphine. The activated nucleoside 
monochloridites are then added sequentially to the 5' 
hydroxy terminal nucleotide of the growing DNA chain 
bound to controlled pore glass supports via a succinate 
spacer (Matteucci and Caruthers, Tetrahed. Lett. (1980) 
21^:719-722. Each addition is followed by capping of 
unreacted 5 T -hydroxyls with acetic anhydride, iodine 
oxidation, and 5 '-detri tylation in 3% trichloroacetic 
acid-methylene chloride. 

The resin-bound methylphosphoriate oligomers 
are then dried by extensive washing in anhydrous aceto- 
15 nitrile and the process repeated. Normal cycle times 
using this procedure are 23 minutes with condensation 
efficiencies of >32$ (as judged by trityl release). 
The ultimate base may be added as the cyanoethyl phos- 
photriester which yields, up6n cleavage in base, a 5'- 
terminal phosphodiester . This step makes it possible 
to radiolabel the oligonucleotide, purify and sequence 
the product using gel electrophoresis at intermediate 
stages of preparation (Narang et^ al. , Can. J. Blochem. 
(1975) J53.: 392-394. Miller et al . , Mucl. Acids Res. 
(1983) 11 :6225-6242. 

An amine-terminated linker arm is then added 
as follows. Trityl is removed as before and the resin 
treated with 0.2M Aminolink (Applied Biosystems, Foster 
City, CA) dissolved in dry acetonitrile containing 0.2M 
dimethylaminopyridine for 5 minutes. The linker arm 
oligonucleotide is then oxidized in iodine and washed 
in acetonitrile as above- Capping with acetic an- 
hydride is not performed since any deblocked primary 
amine would be modified to the base-stable acetamide 
and thus be unavailable for further reaction. 

At the end of the synthesis, the amine termi- 
nated linker arm methylphosphonate oligomer is base 
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deblocked as follows. The resin containing the DNA is 
removed from the column and placed in a water jacketed 
column. and incubated in 1-2 ml phenol rethylene diamine 
(4:1) for 10 hours at 40°C. At the end of the incuba- 
tion in phenol rethylene diamine, the resin is washed 
free of the phenol reagent and base protecting groups 
released using methanol, water, methanol and methylene 
chloride in succession. After drying in a stream of 
nitrogen, the intact, base-deblocked chains are cleaved 
from the support using EDA:ethanol (1:1) or a brief 
treatment at room temperature with ammonium hydroxide. 

Purification of the amine-terminated DNA 
methylphosphonate is then performed as follows.. The 
material is first lyophilized several times from 50% 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50% acetonitrile/ 
25mM ammonium acetate, pH 6.8 in a linear gradient. 
Amine-containing fractions, as determined by fluores- 
camine reactivity, are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen DEAE 60-7 eluted with 20? aceto- 
nitrile/ 25mM ammonium acetate, pH 6.5. 

The purified product is then converted to the 
appropriate polyethylene glycol derivative using the 
heterobifunctional crosslinking agents SMCC and SATA 
(succinimidyl S-acetylthioacetate) . Reactions using 
other reagents which can react with and modify the 
nucleoside bases (e.g. sulfonyl chlorides, glutaralde- 
hyde or acid anydrides) are not recomended unless per- 
formed with the fully blocked oligonucleotide still 
bound to the synthesis support. 

The DNA methylphosphonate containing 5 f ter- 
minal reactive amine linker arms is first reacted with 
SATA in a 100-1000 fold molar excess at pH 8.5 (0.1M 
sodium bicarbonate) . After 30 minutes at room temper- 
ature , the excess unreacted SATA is removed by G-25 
column chromatography in water, concentrated in vacuo 
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and stored cold until ready for further reaction. Bis- 
(aminohexyl) polyethylene glycol is converted to the 
maleimide derivative by treatment with a 100-1000 fold 
molar excess of SMCC in 0.1M phosphate buffer, pH 6.9 
for 1 hour at room temperature. Excess crosslinking 
agent is removed by chromatography on Sephadex G-100 
and the material concentrated in vacuo and stored cold 
until ready for further reaction. This material is 
stable for about one week when kept cold. The SATA DMA 
methylphosphonate is then treated with hydroxylamine 
HC1 dissolved in 0.1M phosphate buffer (pH adjusted to 
7.2) for 1-2 hours. This treatment serves to release 
the reactive sulfhydryl. This product is then reacted 
overnight with a 10 fold molar excess of bis-(SMCC 
15 aminohexyl) polyethylene glycol by addition of the lat- 
ter as a powder to the solution containing the 
oligomer. 

Purification of the ccftnplex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
Sephadex G-100 or HPGFC on TSK G400SW eluted with 10mM 
Tris, pH 7.5. The diagrammatic structure of the final 
product of this procedure is; 

0 0 

25 oligomer - I - 0 - (CH 2 ) 2 - MH - C - (CH 2 ) - S 

MP I I 

OH C — C 

0 - C C - 0 

30 PEG (3500) 

EXAMPLE 8 

Synthesis of Polyethylene Glycol Derivatives of 
DMA Alkyltriesters Using the Phosphoramidlte Approach 
35 The synthesis of the title compound triesters 

is performed according to the method of Zon and co- 
workers (Gallo et al., Nucl. Acids. Res. (1986) 
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Jj^:7 1 *05-20; Summers e£ al . , Nucl. Acids Res. (1986) 
V4 ;7l|21 -36. The me thod of synthesis is similar to that 
used for _in situ production of ethyl triesters as de- 
scribed in the other examples. Fully blocked dimeth- 
qxytrityl nucleosides are dried by repeated lyophili- 
zation from benzene, dissolved in anhydrous aceto- 
nitrile/2,6-lutidine and added dropwise to a stirred 
solution of chlorodiisopropylaminoethoxyphosphine in 
the same solvent at -70 °C. The product is recovered by 
aqueous extraction, drying in vacuo and silica gel 
chromatography . 

The chemical synthesis of DNA ethyl triesters 
(ETE) can be carried out using slight modifications of 
the conventional phosphoramidite methods. In this 
technique, nucleoside phosphoramidites dissolved in 
anhydrous acetonitrile are mixed with tetrazole and 
sequentially coupled to the 5 '-hydroxy terminal nucleo- 
side bound to CPG. Nucleoside addition is followed by 
capping of unreached 5 f -hydroxyls with acetic anhy- 
dride, iodine oxidation, and 5 f -detritylation in tri- 
chloroacetic acid-methylene chloride. The resin-bound 
oligomer is then dried by extensive washing in anhy- 
drous acetonitrile and the process repeated. Normal 
cycle times using this procedure are 17 minutes with 
condensation efficiencies of >96% (as judged by trityl 
release). The terminal residue is conventionally added 
as a diester in order to facilitate radiolabeling and 
purification. The 5 '-terminal trityl group is left if 
HPLC purification is desired, but generally the 5 f - 
terminal trityl is removed and the Aminolink procedure 
described in Example 1 is used. 

At the end of the synthesis, the fully blocked 
product is base-deblocked as follows. The resin con- 
taining the fully protected DNA is removed from the 
column and placed in a water- jacketed chromatography 
column. The resin is then incubated in 1-2 ml phenol; 
ethylene diamine (4:1) for 10 hours at 40 °C. At the 
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end of the incubation in phenol : ethylene diamine, the 
resin is washed free of the phenol reagent and base 
protecting groups released using methanol, water, meth- 
anol and methylene chloride in succession. After 
J drying in a stream of nitrogen, the intact, base- 
deblocked chains are cleaved from the support using 
EDA:ethanol (1:1) or a brief treatment at room tem- 
perature with ammonium hydroxide. 

Purification of the Aminolink DNA ethyl tri- 
ester product is then performed as follows. The 
material is first lyophilized several times from 50% 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50$ acetonitrile/ 
25mM sodium acetate, pH 6.8 in a linear gradient. 
Amine-containing fractions as determined by fluores- 
camine reactivity are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen DEAE 60-7 eluting 25$ acetonitrile/25 
mM ammonium acetate, pH 6.5. 

The product oligonucleotide is then suitable 
for coupling to polyethylene glycol by any of the tech- 
niques previously described. In our experiments sev- 
eral techniques have been used, including SMCC, SPDP, 
carbonyldiimidazole , disuccinimidyl suberimidate and 
phenylisocyanate . 

The SMCC/SPDP coupling reaction is as follows. 
The linker arm probe is coupled to excess SPDP followed 
by reduction with dithiothreitol (DTT), the unreacted 
DTT removed and the product allowed to cross-link 
through the free sulfhydryl to SMCC previously coupled 
to bis-(aminohexyl) polyethylene glycol (PEG). The 
formation of the thioether linkage is rapid and selec- 
tive and the linkage formed is quite stable to a 
variety of conditions. The precise method of linkage 
formation is as follows: 

The DNA containing amine linker arms is re- 
acted with SPDP in a 100-1000 fold molar excess at pH 
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8.5 (0.1M sodium bicarbonate). After 1 hour at room 
temperature, the excess unreacted reagent is removed by 
G-25 column chromatography and the probe SPDP conjugate 
concentrated in vacuo . Bis-(aminohexyl) polyethylene 
glycol is converted to the maleimide derivative as de- 
scribed in the previous example. The SPDP DNA tries ter 
is then treated with 10 mM mercaptoethanol dissolved in 
0.1M phosphate buffer (pH adjusted to 7.2) for 1 hour. 
This treatment serves to release the 5 'thiopyridone 
thus forming a reactive sulfhydryl. Excess reducing 
agent is then removed using a G-25 spun column operated 
as previously described with the exception that all 
separations are performed in degassed 0.1M phosphate 
buffer, pH 6.8 under a nitrogen atmosphere to prevent 
the reoxidation of the terminal SH. In this procedure 
it is essential that all excess reducing agent be re- 
moved in order to prevent its subsequent reaction with 
the. maleimidylated polyethylene glycol. 

Thiopyridone released in this procedure pro- 
vides a convenient indirect method for quantitating the 
presence of the. 5' -terminal SH. Thiopyridone released 
by reduction has a UV absorption at 3*3nm. By follow- 
ing the increase in absorbance of the solution at this 
wavelength, the course of the reduction is easily fol- 
lowed. The thiopyridone can then be quantitated using 
a molar extinction coefficient of 8080. The product is 
then reacted overnight with a 10 fold molar excess of 
bis-(SMCC-aminohexyl) polyethylene glycol by addition 
of the latter as a powder or a concentrated solution to 
the solution containing the SH terminated oligomer tri- 
es ter. The reaction is allowed to proceed overnight at 
25°C* 

Purification of the complex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
Sephadex G-100 or HPGFC on TSK Gn000SW eluted with 10mM 
Tris, pH 7.5. The diagrammatic structure of the final 
porduct of this procedure is; 
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ii i: 

oligomer - P - 0 - (CH 2 ) 2 - HH - C - (CH ) -S 
ETS | 2 2 | 

OH C C v 

5 / \ 

0 = C C = 0 

PEG (3500) 

10 

EXAMPLE 9 

Synthesis of Polyether Derivatives of DNA Alkyl and 
Aryltriesters Using the Phosphate Triester Approach 
Synthesis of Phosphotriester Oligonucleotides 

1 5 of Varying Alkyl and Aryl Substituent Type . 

The best available method for the production 
of the various triesters of variable alkane chain 
length* is via conventional phosphate triester chemistry 
to synthesize the desired sequences as the Jv-chloro- 

20 phenyl phosphate triesters (PTE) . Upon completion of 
the synthesis, the fully protected oligonucleotide 
chlorophenyltriesters bound to the synthesis support 
are subjected to ester exchange in the presence of 
tetrabutylammonium fluoride and the desired alcohol. 

25 This basic method for the construction of DNA oligonu- 
cleotides is classical DNA synthesis chemistry. See 
Gait, (1984) Olignucleotide Synthesis; A Practical 
Approach , IRL Press, Washington, D.C. 

The chemical synthesis of DNA jv- or jv-chloro- 

30 phenyl phosphotriesters was carried out using a modifi- 
cation of the phosphochloridite method of Letsinger 
Tanaka and Letsinger, Unci. Acids Res. (1982) 25 :3249- 
60. For automated DNA synthesis, see Alvarado-Urbina 
et al. , Science (1981) 214 :270-273. 

35 Fully blocked and dried nucleosides dissolved 

in anhydrous acetonitrile 2,6-lutidine and activated in 
situ with chlorophenoxydichlorophosphine are sequen- 
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tially added to the S'-hydroxy terminal nucleotide of 
the growing DNA chain bound to controlled pore glass 
supports via a succinate spacer as in previous exam- 
ples. Derivacized glass supports, fully blocked 
nucleosides and other synthesis reagents are commer- 
cially available through Applied Biosystems '(San 
Francisco, CA) or American Bionuclear (Emeryville, CA). 
Nucleoside addition is followed by capping of unreacted 
5 f -hydroxyls with acetic anhydride, iodine oxidation, 
and 5 f -detritylation in trichloroacetic acid-methylene 
chloride. 

The resin bound oligomer chlorophenyltriester 
is then dried by extensive washing in anhydrous aceto- 
nitrile and the process repeated. Normal cycle times 
using this procedure are 13 minutes with condensation 
efficiencies of >92* (as judged by trityl release). 
The ultimate base may be added as a B-cyanoethyl phos- 
phytriester which yields, upon cleavage in base, a 5 T - 
terminal phosphodiester . This step makes it possible 
to radiolabel the oligonucleotide and to purify and se- 
quence the product using gel electrophoresis (Narang et 
al. f Can, J. Biochem. (1975) j>3_:392-Jl; Miller et al . , 
Biochemistry (1986) 25:5092-97. 

The fully blocked material bound to the syn- 
thesis support is then subject to ester exchange in the 
presence of tetrabutylammonium fluoride (TBAF) and the 
desired alcohol under anhydrous conditions. This 
method yields rapid and quantitative alcohol exchange. 
The reaction is complete within 20 minutes for most 
aryl and alkyl alcohols which are capable of forming 
stable products* 

In this example, anhydrous n-propanol is used 
to dissolve TBAF to a final concentration of 0.2M. The 
solution is then percolated slowly over the resin con- 
taining the oligomer chlorophenyl triester and allowed 
to react for about 1 hour at room temperature. The 
resin is then washed with methanol and acetonitrile and 
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dried under a stream of dry argon. Amine linker arm 
addition, deblocking and purification are then effected 
as in Example 8. Polyethylene glycol conjugation is 
performed as in Example 7. The final yield of conju- 
gate is about 10£ of the starting equivalents of nucle- 
oside resin used. The diagrammatic structure of the 
final product is: 



oligomer - P - 0 - (CH?) 9 - NH - C - CCH ) -S 
PTE | ' 2 2 I 

OH t — C v 

/ \ 
0 = C C = i 

15 PEG (3500) 



EXAMPLE 10 
The Effect of Trityi Terminated 
2o Oligonucleotides on the Synthesis of 3-globin 

Protein in vitro and in Cultured Cells 
Using the methods of synthesis provided in the 
previous examples, both normal and ethyl triester type 
oligonucleotides were constructed. In the simplest 
25 example of an amphiphilic DNA conjugate containing a 
hydrophobic grouping at the 5 f end of the molecule, the 
trityi group is left on at the end of the synthesis. 
Purified materials of this type were tested for their 
effectiveness in preventing the specific expression of 
hemoglobin in mouse erythroleukemia cells induced to 
produce hemoglobin. The oligonucleotides tested in 
these and the following examples are given in Table I. 
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The cells chosen for these experiments are 
Friend murine erythroleukemia (MEL) cells which can be 
induced to synthesize hemoglobin by a variety of agents 
5 including DMSO and butyric acid (cf. Gusella and 

Houseman, Cell (1976) 8:263-269. MEL cells are grown 
in culture using conventional techniques in a C0 2 
incubator. 

Induced cells which are expressing globin can 
be visualized by benzidine treatment which stains hemo- 
globin-producing cells blue (Leder et al., Science 
(1975) 190:893. Cells were exposed to the selected 
oligonucleotide conjugates at concentrations ranging 
from 1 mg/ml to 1 yg/ml during induction. Controls 
included mock-treated cells and cells treated with 
random sequence oligomer controls. Treated cells were 
scored at various time intervals for globin production 
based on staining intensity and the results compared to 
controls. About 50% of the control cells are 
inducible. Cell death or damage due to treatment is 
scored by Trypan blue exclusion in order to obtain an 
indication of toxicity and cell damage. 

The results obtained are presented in Table 
II. These results show that the trityl terminated 
oligomers are more effective in producing the desired 
degree of synthesis inhibition. The trityl modified 
oligomers however showed some degree of cell damage 
which would not recommend their general use as 
therapeutic agents. 
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EXAMPLE 11 

The Effect of Long Chain Alkyl Terminated 
Oligonucleotides on the Synthesis of 
5 8-globin Protein in Cultured Cells 

Using the method of synthesis provided in the 
previous examples , 15 to 20 base long oligonucleotides 
conjugated to a 5* -terminal aminoalkane were construct- 
ed as described in Example 5. Purified materials of 
10 this type were tested for their effectiveness in pre- 
venting the specific expression of hemoglobin in MEL 
cells induced to produce hemoglobin. The results are 
given in Table III. The protocol for the test is given 
in Example 10. 

15 



TABLE III 

THE EFFECT OF INCREASING H YDROPHOB I C I TY ON THE 
EFFECTIVENESS OF OLIGONUCLEOTIDES IN PREVENTING 
20 HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



Inhibition of 

Treatment Viable Cells Benzidine Cells 

DMSO Control 46% 0% 

25 MBG-20 Antisense 50 yM 50% 41% 
MBG-20-C 2 50 yM 61% 41% 



10 



MBG-20-C 6 50 vM 60% 48% 

MBG-20-C 1Q 50 yM 62% 66% 



*See Table I. 



As shown in Table III, the results obtained 
indicate that the aminoalkane-terminated oligomers are 
more effective in producing the desired degree of se- 
lective synthesis inhibition than their cognate se- 
3^ quences lacking the terminal alkane. For example, the 
c 10 derivative was about 60% more effective than the 
control unmodified 20 mer in reducing the number of 



SUBSTITUTE SHEET 



WO.88/09810 



38 



PCT/US88/02009 



- 20 



hemoglobin positive cells. In general, the longer the 
alkyl chain, the lower the concentration of oligomer 
required to effect the same % of inhibition. 

5 EXAMPLE 12 

The Effe ct of Fluorescein Terminated 
Oligonucleotides on the Synthesis of 
8-globin Protein in Cultured Cells 
Using the methods of synthesis provided in Ex- 
10 ample l r 15 to 20 base long oligonucleotides conjugated 
to a 5' -terminal fluorescein using ethylene diamine as 
the linker were constructed. This material has the 
further advantage that uptake of the oligomer into the 
cells can be monitored by fluorescence microscopy which 
IB provides further evidence of the cellular fate of the 
product. Purified fluorescent oligomers were tested 
for their effectiveness in preventing the specific ex- 
pression of hemoglobin in MEL cells induced to produce 
hemoglobin. The results are shown in Table IV. The 
protocol for the test is given in Example 10. 

TABLE IV 



25 



*** ^£L 0F FITC CONJUGATION ON THE INHIBITION OP 
HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



Oligomer* „. M ! Cells SSSS^^Z 

DMSO Control 53% 0% 

MBG-20 Antisense 50 pM 73% 35% 

30 MBG-20-C 2 -FITC 50 yM 68% 45% 

MBG-20-C|-FITC 50 pM 76% 36% 

MBG-20-cJ 0 -FITC 50 X 72% 52% 



35 



*See Table I. 



As shown in Table IV, the results obtained in- 
dicate that the fluorescein-terminated oligomers are at 
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least as effective in producing selective inhibition of 
hemoglobin synthesis as their cognate control sequences 
lacking the FITC. Further, fluorescence microscopy of 
the treated cells showed enhanced fluorescence due to 
5 fluoresceinated oligomer uptake. These cells were then 
isolated, washed several times in physiological saline 
and lysed by freeze thawing several times in water. 
The resultant solution was centrifuged to remove cell 
debris and the amount of fluoresceinated oligomer pres- 

10 ent quantitated in an Aminco spectrof luorometer . The 
results obtained showed that the treated cells assim- 
ilated an average of 10 7 molecules of fluoresceinated 
oligomer per cell. This is about 10 times higher than 
cellular uptake of similar DNA oligomers (i.e lacking 

15 the solubility) moiety of about 10 6 molecules per cell. 

Thus it can be seen that the addition of a 
hydrophobic moiety, in this case fluorescein, to the 
oligomer results in substantially increased cellular 
uptake of the oligomer without affecting its ability to 

20 selectively block protein synthesis. 

EXAMPLE 13 

The Effect of Polyethylene Glycol Terminated 
Oligonucleotides on the Synthesis of e-qlobin 
25 Protein in Cultured Cells 

Using the methods of synthesis provided in the 
previous examples, 20 base long oligonucleotides conju- 
gated to a 5 •-terminal polyethylene glycol were con- 
structed as described in Example 4. These molecular 
30 conjugates were purified and tested for their effec- 
tiveness in preventing the specific expression of 
hemoglobin as described in Example 10. 



35 



Substitute sheet 




WO 88/09810 



PCT/US88/02009 



40 



TABLE V 
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THE EFFECT OF POLYETHYLENE GLYCOL CONJUGATION ON THE 
INHIBITION OF HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



Oligomer # Viable Cells Inhibition of 

Con-jugate I % of rv>n«-T-«-»n 



DMSO Control 






33% 


0% 


MBG-15 Antisense 


100 


UM 


50% 


25% 


MBG-15-C, 


100 


UM 


60% 


22% 


PEG(SS) 


100 


UM 


43% 


24% 


MBG-20 + PEG(ss) 


100 


pM 


43% 


78% 


DMSO Control 






65% 


0% 


MBG-20-PEG(ss) 


15 


pM 


0% 


95% 




5 


UM 


62% 


52% 




1 


UM 


nd 


-2% . 




0.1 


UM 


64% 


-5% 



*See Table I. 



As shown in Table V, the results, obtained show 
that oligomers conjugated to polyethylene glycol are 
more effective in producing the desired degree of 
selective synthesis inhibition than controls. The 
polyethylene glycol conjugate in this experiment was 
found to he approximately 10 times more active in pre- 
venting the expression of hemoglobin than the control 
combination of the 20 mer and polyethylene glycol. It 
is also interesting to note that the simple addition of 
polyethylene glycol to the medium increases the effec- 
tiveness of the added control antisense oligomer, in 
consonance with the increased effectiveness observed 
for the PEG conjugates. 

It is evident from the above results that the 
novel conjugates of the subject invention provide sub- 
stantial advantages in enhancing the efficiency in 
which transcriptional mechanisms may be modulated. In 
accordance with the subject invention, a wide variety 
of cellular, both prokaryotic and eukaryotic, as well 
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as viral, physiological processes may be regulated. 
The compositions can be used in vitro and in vivo . In 
the former, systems can be studied, mammalian cells 
protected from mycoplasma, phenotypes modified, and the 
like. In the latter, the compositions can be used for 
therapy in inhibiting the proliferation of pathogens, 
selectively inhibiting certain classes of cells, e.g., 
B-cells and T-cells, or the like. 

All publications and patent applications men- 
tioned in this specification are indicative of the 
level of skill of those skilled in the art to which 
this invention pertains. All publications and patent 
applications are herein incorporated by reference to 
the same extent as if each individual publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

Although the foregoing invention has been de- 
scribed in some detail by way of illustration and ex- 
ample for purposes of clarity of understanding, it will 
be obvious that certain changes and modifications may 
be practiced within the scope of the appended claims. 
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WHAT IS CLAIMED IS; 



10 



15 



20 



1. A method for inhibiting the maturation or 
translation of a messenger HNA in a cell, said method 
comprising: 

contacting said cell with a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and a group cova- 
lently linked to said oligonucleotide sequence to 
provide an amphiphilic molecule, whereby said 
composition migrates into the cell interior resulting 
m the inhibition of maturation ahd/or translation of 
said transcription product. 

2. A method according to Claim 1, wherein 
said cell is in culture and said composition is 
introduced into the nutrient medium. 

3. A method according to Claim 1, wherein 
said oligonucleotide is of from about 6 to 30 
nucleotides . 



4. a method according to Claim 3, wherein at 
least one of said oligonucleotides has a phosphate as 

25 the phosphorus moiety. 

5. a method according to Claim 3, wherein at 
least one of said oligonucleotides has a phosphonate 
with an alkyl group of from 1 to 3 carbon atoms as the 

JO phosphorus moiety. 

6. A method according to Claim 1, wherein 
said group is a hybridphobic aromatic group. 

35 . 7 ' A method according to Claim 7, wherein 

said aromatic group is a trityl group. 
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8. A method according to Claim 7, wherein 
said aromatic group is a fluorescein group. 

9. A method according to Claim 1, wherein 
5 said group is a polyalkyleneoxy group, wherein said 

alkylenes are of from 2 to 10 carbon atoms. 

10. A method according to Claim 9, wherein 
said polyalkyleneoxy group is from about 6 to 200 

10 units. 

11. A cell comprising a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and an amphiphilic 

15 or hydorphobic group covalently linked to said 

oligonucleotide sequence to provide an amphiphilic 
molecule. 

12. A cell according to Claim 11, wherein 
20 said cell is in culture. 

13. A composition of matter comprising: 

an oligonucleotide sequence of at least six 
nucleotides complementary to a transcriptional product 
25 of a cell; 

an amphiphilic group comprising a polyalkyl- 
eneoxy group, wherein said alkylenes are of from 2 to 
10 carbon atoms; 

a linker of at least one atom covalently 
30 bonded to said oligonucleotide sequence and to said 
amphiphilic group. 

14. A composition of matter according to 
Claim 13, wherein said oligonucleotide is of from about 
35 6 to 30 nucleotides. 
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15. A composition of matter according to 
Claim 13, wherein at least one of said oligonucleotides 
has a phosphate as the phosphorus moiety. 

16. A composition of matter according to 
Claim 13, wherein at least one of said oligonucleotides 
has a phosphonate with an alkyl group of from 1 to 3 
carbon atoms as the phosphorus moiety. 

17. A composition of matter according to 
Claim 13, wherein said linking group includes at least 
one of an amino, quinone, thioether, or amide group. 

18. A composition of matter according to 
15 Claim 13, wherein said oligonucleotide sequence is 

complementary at least in part to a non-coding region. 

19. A composition of matter according to 
Claim 13, wherein said oligonucleotide sequence is 

20 complementary at least in part to a coding region. 
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